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SPRING TRAVEL LI \/llTER FOR OVERRUNNING ALTERNATOR DECOUPLER 



CROSS 



[0001] This 
Application 
U.S. Provisional 



[0002] The invlention 

an automotive veliic 
allowing the belt drivfen 
than that of the driv^ 
component from the 



-REFERENCE TO RELATED APPLICATIONS 
aii^plication is a national phase entry of International Patent 
PCT/CA^004/002094 filed December 9, 2004. which claims priority to 
Patent Application No. 60/528.225 filed December 9, 2003. 



FIELD OF THE INVENTION 
relates to a drive shaft and belt driven component of 
e. and more particularly, to a decoupler assembly for the 
component to operate temporarily at a speed different 
shaft and to decouple or mechanically isolate the driven 
drive shaft and reduce torsional vibrations therebetween. 



widely 



[0003] It is 
portion of the engine 
utilizing an endless 
drivingly engaged with 
directly to the crankshaft 
mounted to a drive 
component Is an alterhator. 



BACKGROUND OF THE INVENTION 

known in an automotive vehicle engine to transfer a 
output to a plurality of belt driven accessory components 
serpentine belt. Typically, each component includes a pulley 
the belt and the belt Is driven by an output pulley coupled 
on the engine. The pulley of the component is rotatably 
shaft. An example of such a belt driven accessory 
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[0004] internal 
accelerating and 
changing speeds, th^ 
crankshaft, are 
unacceptable levels 
durability due to high 
accelerations and 



heavy 



pul[(»y 



startup or shutdown, 
pulley, as well as 
[0005] It is knowji 
between the pulley 
alternator, to allow t 
speed than the 
respect to the 
Examples of decoupljBfs 
Mevissen et al. on Ju 
etal. on Aug. 18, 199|2 
[0006] It is also kniown 
driven accessory 
and impact loads. Ar^ 
6,044,943, issued to 



combustion engines operate as a pulse system, constantly 
decelerating and causing engine vibrations. As a result of these 
belt driven accessory components, which are driven by the 
contlt(iually trying to speed up and slow down. This can result in 
of noise and vibration along with reduced component 
fluctuating loads and vibrations. Additionally, rapid engine 
dejcelerations, such as during transmission shifts and engine 
cause belt squeal from slippage between the belt and the 
Impact loading on the belt. 

to provide a decoupler assembly operatively coupled 
and the belt driven accessory component, such as the 
le alternator drive shaft to "overrun" or rotate at a faster 
and to allow the speed of the pulley to oscillate with 
alterrjator drive shaft due to oscillations in the engine speed, 
are disclosed in the U.S. Pat. No. 6,083,130, issued to 
. 4, 2000 and the U.S. Pat. No. 5,139,463. issued to Bytzek 



to provide a decoupler between the pulley and the belt 
corfrponent to isolate vibrations therebetween reducing noise 
example of such a decoupler is disclosed in U.S. Pat No. 
Bytzek et al. on Apr. 4, 2000. 
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[0007] It remains 
manufacture and hjas 
decoupler designs. 



drive element of an 
hub configured to be 



be drivlngly engaged 



pulley for selective ro 
[0009] Tine carrier 
projecting from one o 



desirable to provide a decoupler that is easier to 
better durability and functionality over conventional 



SUMMARY OF THE INVENTION 
[0008] According to one aspect of the invention there is provided a 
decoupler assembly tor transfening torque between a drive shaft and an endless 

automotive engine. The decoupler assembly comprises a 
fixedly secured to the shaft and extending axially between 



first and second ends;. A pulley is rotatably mounted on the hub and adapted to 



with the endless drive element. A carrier is mounted about 



the second end of the hub and operatively coupled between the hub and the 



latlon therewith. 

includes first and second sides and an anti-ramp up boss 
■ the sides. A torsion spring extends between the hub and 
camer for transferring torque therebetween. A thrust plate is fixedly mounted on 
the second end of the hub and has a slot fomied therein extending between first 
and second ends for receiving the anti-ramp up boss. The anti-ramp up boss 
travels within the slot between the first and second ends for limiting rotation 
between the earner 2ind the thrust plate while selectively preventing rotational 
movement of the torsion spring relative to the hub and carrier. 
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BR IEF DESCRIPTION OF THE DRAWINGS 
[0010] Advantage s of the present Invention will be readily appreciated as the 
same becomes better understood by reference to the following detailed 
description when considered In connection with the accompanying drawings 
wherein: 

[0011] FIG. 1 Is a front view of an engine incorporating a decoupler assembly 
constructed in accordance with the teachings of the present disclosure; 
[0012] FIG. 2 is an exploded, perspective view of the decoupler assembly of 
Figure 1 ; 

[0013] FIG. 3 is a cross-sectional view of a portion of the decoupler assembly 
of Figure 1; 

[0014] FIG. 4 is y^t another cross-sectional view of a portion of the decoupler 
assembly of Figure 1 ; 
[0015] FIG. 5 is a perspective view of a portion of the decoupler assembly of 
Figure 1 1llustrating a jclutch element In more detail; 
[0016] FIG. 6 is a perspective view of a portion of the decoupler assembly of 
Figure 1 illustrating a ^mer In more detail; 
[0017] FIG. 7 is a perspective view of a portion of the decoupler assembly of 
Figure 1 illustrating th s clutch element assembled on the earner; 
[0018] FIG. 8 is an exploded, perspective view of a portion of the decoupler 
assembly of Figure 1 llustrating a slotted thrust plate and the canier with an anti- 
ramp up boss; 
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[0021] FIG. 11 is 



[0019] FIG. 9 is ^ perspective view of the thaist plate and the carrier of the 
decoupler assembly of Figure 1 in an anti-ramp up position; 
[0020] FIG. 10 is a perspective view of the thrust plate and the earner of the 
decoupler assembly of Figure 1 in a torque lock up position; 

[[a]] an exploded perspective view of another decoupler 
assembly constructed in accordance with the teachings of the present disclosure; 
[0022] FIG. 12 is an exploded, perspective view of a portion of the decoupler 
assembly of Figure 1 1 , illustrating a tabbed thrust plate and a carrier with an anti- 
ramp up slot; 

[0023] FIG. 13 is i perspective view of the tabbed thrust plate and the earner 
of the decoupler assembly of Figure 1 1 in a torque lock-up position; and 
[0024] FIG. 14 is <i perspective view of the tabbed thrust plate and the earner 
of the decoupler assembly of Rgure 1 1 1n an anti-ramp up position. 



DETAILED 
[0025] Referring tci 
indicated at 10. Th<j 
serpentine belt 14, as 
The engine 10 also I 
such as an alternator, 
by the belt 14. A 
accessory componentjs 
50. Described in 



DE$CRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 , an engine for an automotive vehicle is generally 
engine 10 Includes a crankshaft 12 driving an endless 
commonly known by those having ordinary skill In the art. 
irjcludes a plurality of belt driven accessory components 16, 
compressor, etc., mounted to a drive shaft 15 and driven 
pi[illey 50 is operatively coupled to each of the belt driven 
16 for driving the components 16 via rotation of the pulley 
g|-eater detail below and shown in FIG. 2, a decoupler 
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assembly 20 is oper4tively 
of the belt driven 



a<x;essory 



t(> 



component 16 from 
component 16 and 
belt driven accessor)' 
structure and function 
Pat. No. 6,083,130, 
reference in its entire 
[0026] Refemng 
liaving opposite first 
extending axially 
outer 32 surfaces 
22. The inner surface! 
end 24 for fixedly 
driven accessory 
first end 24. The r 
surface 36 having a 
28. An abutment 
radially between the 
28. An annular thrust 
on the outer mounting 
plate 39 preferably i 
mate with a earner 75 



assembled between the belt 14 and any one or more 
components 16 for automatically decoupling the 
the belt 14 when the belt 14 decelerates relative to the 
a|llowing the speed of the belt 14 to oscillate relative to the 
component 16. Additionally, a detailed description of the 
of a decoupler assembly can be found in applicant's U.S. 
Which issued on Jul. 4, 2000 and is incorporated herein by 



FIGS. 2-4, the decoupler assembly 20 Includes a hub 22 
^4 and second 26 ends and a generally cylindrical body 28 
therebetween. The body 28 Includes opposite inner 30 and 
extending between the first 24 and second 26 ends of the hub 
30 Includes a plurality of Inner threads 33 adjacent the first 
sequring the hub 22 to the drive shaft 15 for mounting the belt 
conjponent 16. A reduced diameter portion 34 is fonned in the 
3duced diameter portion 34 includes an outer mounting 
smaller outer diameter than the outer surface 32 of the body 
si^rface 38 opposite the second end 26 extends generally 
(juter mounting surface 36 and outer surface 32 of the body 
plate 39 is seated and fixedly secured, such as by press-fit, 
surface 36 against the abutment surface 38. The thrust 
in<bludes a slot, or notch, 43 fonned on its peripheral edge to 
as will be discussed in more detail below. 
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40 



sr 



terminating 



[0027] A socl^et 
therein for rotatably 
therewith. An annul, 
adjacent the second 
42 having a larger 
generally helical first 
the body 28 defining 
first flange 41 
the hub 22. 
[0028] A generall> 
More specifically, the 
ends. The pulley 50 
the first 52 and 
with a plurality of V- 
the belt 14. A ball 
pulley 50 and the 
fixedly secure to a 
an outer race 59 
end 52 of the pulley 
inner 58 and outer 
preferably secured in 
assembled. A 
surface 56 of the 



is formed in the second end 26 for receiving a suitable tool 
tjireading the hub 22 onto the drive shaft 15 for fixed rotation 
first flange 41 extends radially outwardly from the body 28 
end 26. The first flange 41 includes an outer flange surface 
<|)uter diameter than outer surface 32 of the body 28. A 
slot 46 is fomied between the outer flange surface 42 and 
a first helically ramped locating surface 48 in the annular 
at an abutment wall 49 and facing the first end 24 of 



second 



pulley 



Gylindrical pulley 50 is rotatably journaled to the hub 22. 
pulley 50 extends between opposite first 52 and second 54 
includes an inner cylindrical surface 56 extending between 
54 ends. The pulley 50 Includes an outer periphery 66 
shaped grooves 68 formed therein for engaging and guiding 
3earing member 57 Is press fit and coupled between the 
22. The bearing member 57 includes an inner race 58 
(fortion of the outer mounting surface 36 of the hub 22 and 
to a portion of the inner surface 56 adjacent the first 
50. A plurality of ball bearings 55 is seated between the 
races of the bearing member 57. The thrust plate 39 is 
place axially between the inner race 58 and hub 22 when 
bushing 60 is joumal mounted between the inner 
50 and the outer flange surface 42 of the hub 22. 



hU3 



secured 



59 



cylindrical 
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to 



and 



[0029] Referring 
coupled between the 
a clutch spring 71 
spring 71 includes a 
hooked proximal enc 
spring 71 Is fomied 
circular cross-section 
pulley 50. IVIost 
square. The clutch 
surface 56 of the 
between the clutch 
[0030] Referring 
extends axlally 
boss 77 is formed 
Is configured to 
assembled. A hookeld 
and Is configured to 
generally helical 
canier 75 defining a 
an abutment wall 89 
in the hub 22. 
[0031] Refemng tc 
hub end 92 and a 



prefesrably, 



pulley 



spring 



to 



between 



seajnd 



FIGS. 2-7, a one-way clutch assembly 70 is operatively 
hub 22 and the pulley 50. The clutch assembly 70 includes 
a canier 75 operatively coupled to the hub 22. The clutch 
plurality of helical colls 72 extending between a bent or 
73 and an opposite distal end 74. Preferably, the clutch 
from an uneoated, spring steel material and has a non- 
to improve frictlonal contact with the inner surf'ace 56 of the 
, the cross-section of clutch spring 71 is rectangular or 
spring 71 is fitted Into frictlonal engagement with the inner 
50. Preferably, a lubricant is applied to minimize wear 
71 and the Inner surface 56 of the pulley 50. 
FIGS. 6-8, the carrier 75 is generally ring shaped and 
opposite first and second sides 76, 78. An anti-ramp up 
outwardly from the first side 76 of the canier 75 and 
with the slot 43 fomried in the thrust plate 39, when 
slot 84 is fomied in the second side 78 of the canier 75 
retain the hooked proximal end 73 of the clutch spring 71. A 
slot 86 is also fomied in the second side 78 of the 
second helically ramped locating surface 88 terminating at 
and generally opposing the first locating surface 48 fomried 



prcjecting 



male 



FIGS. 2-4, a helical torsion spring 90 extends between a 
carrier end 94. The torsion spring 90 is axially compressed 
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between the first 48 and second 88 locating surfaces for transfening torque 
between the hub 22 and the canier 75. More specifically, the hub end 92 of the 
torsion spring 90 is retained in the first slot 46 of the hub 22 and seated against 
the mating helically ramped locating surface 48. Similarly, the carrier end 94 of 
the torsion spring 90 is retained in the second slot 86 of the canier 75 and seated 
against the mating hBllcally ramped locating surface 88. The torsion spring 90 
further includes hub distal end 93 and a canier distal end 95. The hub distal end 
93 abuts the abutment wall 49 in the hub 22 and the carrier distal end 95 abuts 
the abutment wall 89 in the canier 75 to transfer torque between the earner 75 
and hub 22. Axial forces due to the compression of the torsion spring 90 retains 
the first side 76 of ths canier 75 in abutting engagement with the thrust washer 
39. The torsion spring 90 also allows relative movement between the carrier 75 
and the hub 22 to accommodate changes in the speed of the pulley 50 due to 
generally oscillating changes in the operating speed of the engine. The torsion 
spring 90 and the clutch spring 71 are coiled In opposite directions. 
[0032] In prior applications of decouplers, as the torsion spring 90 winds and 
unwinds due to charges in engine speed, the spring 90 presses against the 
abutment wall 89 associated with the slot 86 fomied in the canier 75 to transmit 
torque from the engino. As the driving force associated with the engine reverses, 
as in an over run a)ndition, the spring 90 attempts to move away from the 
abutment wall 89 and ramp-up the helical surface 88 as the only forces holding it 
in place are friction forces between the spring 90 and canier 75 and the load 
contained by the conr pression in the spring 90 between the carrier 75 and the 
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hub 22. Such movement of the spring 90 can cause excessive wear of the 
earner 75 and lead tc failure of the assembly. Additionally, the overloading of the 

abutment wall 89 may also lead to failure of the spring 90. 

the above outlined problems, the anti-ramp up boss 77 
the relative movement of a torsion spring 90 relative to the 
ly, the anti-ramp up boss 77 travels within the slot 43 of the 
I thrust plate 39 and canier 75 rotate relative to each other to 
accommodate changes in speed of the pulley 50. The anti- ramp up boss 77 
travels between oppDsing sides of the slot 43 which define boundaries for a 
torque lock up position and a ramp-up position. The anti-ramp up position is 
shown in FIG. 9 and is defined as the position in which the anti-ramp up boss 77 
engages a first side j5, or anti-ramp up side, of the slot 43 fonned in the thrust 

the spring 90 from backing away from the abutment wall 



spring 90 against the 
[0033] To alleviat^ 
prevents ramp-up or 
cam*er75. Specifica 
thrust plate 39 as the 



washer 39 preventing 



89 associated with the carrier 75. The torque lock up position of the earner 75 



and thrust plate 39 is 

torsional deflection of 



shown In FIG. 10 and is defined as the position in which 
the spring 90 due to rotation is stopped by the interaction 
of the antl-ramp up boss 77 with a second side 47, or torque limiting side, of the 
slot 43 fonned in the thrust washer 39. 

[0034] When assembled, the spring 90 Is placed about the body 28 of the hub 
22 and compressed a gainst and between the remped locating surface 48 in the 

and the ramped locating surface 88 in the slot 86 of the 
canier 75, as describled above. The earner 75 and thrust plate 39 are aligned 
such that the anti-rarnp up boss 77 is seated within the slot 43 of the thmst 
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respcict 



washer 39. The 
39 in place with 
[0035] A first cap 
second cap 100 is 
pulley 50 for sealing 
assembly 20 and for 
[0036] In operatio|i 
and rotated In a 
Acceleration and 
hub 22 creates 
preferably all of the 
the clutch spring 71 
of the clutch spring 
pulley 50. The clutcti 
the inner surface 56 
clutch spring 71 to 
of the pulley 50. 
relative to the hub 
outwardly radial force 
of the colls 72 of the 
pulley 50. When the 
the rotation of the pul 



driven 



coils 



v^ill 



bearing member 57 is then attached to hold the thrust washer 
to the hub 22. 

98 is assembled to the first end 52 of the pulley 50 arKi a 
asjsembled to a flange 102 fomied in the second end 54 of the 
and preventing contaminants from entering the de(X)upler 
Retaining the lubricant within the decoupler assembly 20. 
, the engine 10 is started and the pulley 50 is accelerated 
direction by the belt 14 driven by the engine 10. 
rotation of the pulley 50 In the driven direction relative to the 
fricton between the inner surface 56 of the pulley 50 and 
72 of the clutch spring 71 . It should be appreciated that 
function even where at the onset at least the end coil 74 
71 is frictionally engaged with the Inner surface 56 of the 
spring 71 is helically coiled such that the friction between 
the pulley 50 and at least the end coil 74 would cause the 
radially outwardly toward and grip the inner surface 56 
Cf)ntinued rotation of the pulley 50 in the driven direction 
would cause a generally exponential increase in the 
applied by the coils 72 against the inner surface 56 until all 
clutch spring 71 become fully brakingly engaged with the 
clutch spring 71 is fully engaged with the inner surface 56, 
ey 50 is fully directed toward rotation of the drive shaft 15 



cfl 



expand 



22 
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braking 



rotational 



hub 



witli 



twist 



l(5Cl< 



of the belt driven 
clutch spring 71 in 
[0037] The 
transfen-ed to the hut 
75, thrust plate 39, 
16 rotate together 
torque (or spring 
engages the torque 
torque lock up positiG|n 
and possible failure 
77 that oscillates 
normal operation 
during normal 
Additionally, the 
the canier 75 and th4 
the pulley 50 due to 
engine 10. 
[0038] When the 
associated with the 
driven accessory 16 
direction at a higher 
rotational speed of 
71 to contract radialli^ 



betA^een 



The 



opersition 



torsional 



tho 



accjessory 16. Additionally, centrifugal forces help to retain the 
engagement with the inner surface 56 of the pulley 50. 
movement of the canier 75 in the driven direction is 
22 by the torsional spring 90 such that generally the carrier 
22, and the drive shaft 15 from the belt driven accessory 
the pulley 50. At a point where the maximum design 
angle) has been reached, the anti-ramp up boss 77 
up side 47 of the slot 43 in the thrust washer 39 in the 
described above to prevent over torque on the spring 90 
The torque lock up position is a limit for travel of the boss 
the torque limiting and anti-ramp up positions during 
boss 77 may contact the anti ramp-up side regulariy 
while seldom contacting the torque limiting side, 
spring 90 resiliency allows relative movement between 
hub 22 to dampen, or isolate, oscillations in the speed of 
corresponding oscillations in the operating speed of the 



pulley 50 decelerates, the hub 22 driven by the inertia 
rotating drive shaft 15 and the rotating mass within the belt 
will initially "ovenun" or continue to rotate in the driven 
speed than the pulley 50. More specifically, the higher 
hub 22 relative to the pulley 50 causes the clutch spring 
relative to the inner surface 56 of the pulley 50. The 
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braking engagement between the clutch spring 71 and the pulley 50 is relieved, 
thereby allowing oveirunning of the hub 22 and drive shaft 15 from the belt driven 
accessory 16 relative to the pulley 50. The anti-ramp up boss 77 of the canier 75 
engages the antl-ranip up side 45 of the slot 43 fomned In the thrust plate 39 in 
the anti-ramp up pjsition described above, preventing the spring 90 from 
separating from the abutment wall 89 in the carrier 75 and selectively prevent 

90 relative to the canier 75 and hub 22. The coils 72 may 
remain frictionally engaged with the inner surface 56 while the pulley 50 
decelerates relative to the clutch assembly 70 and the hub 22. The colls 72 of 

begin to brakingly reengage the inner surface 56 as the 
beyond the speed of the hub 22. 
[0039] Referring to FIGS. 11-14, there is shown an alternative embodiment of 
the decoupler assembly 20 of the present invention. The alternative embodiment 
is identical in all resp<jcts to the first embodiment with the exception of the earner 
175 and thrust plate 1 39. The canier 175 of the alternative embodiment contains 
an anti-ramp up slot 1 77 that mates with a tab 143 formed on the thrust plate 139. 



the clutch spring 71 
pulley 50 accelerates 



The slot 177 extends 
ramp up side 193 for 



between a first torque lock-up side 192 and a second anti- 
limiting the rotational travel of the tab 143 therein and thus 
the canier 175 and spring 90 relative to the thmst plate 139. Essentially the slot 
43 on the thrust plates 39 and boss 77 of the canier 75 of the first embodiment 
have been transpose! to the slot 177 of the carrier 175 and the tab 143 of the 
thrust plate 139 in the alternative embodiment. As with the previously described 
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first embodiment, the 
positions as shown in 
[0040] It should 
between the pulley 
altemator or 
element or belt 14 
between the drive 
[0041] The 
be understood that 
the nature of words 
and variations of 
teachings. It is, 
appended claims, 
described. 



comprE!SSor, 



shaft 



inventian 



tab 143 and slot 177 have torque lock up and anti-ramp up 
FIGS. 13 and 14 that conrespond to those defined above, 
b^ appreciated that the decoupler assembly may be coupled 
ahd drive shaft of any accessory component 16, such as an 
, which are driven by the endless serpentine drive 
i|\ltematively, the decoupler assembly may also be coupled 
and pulley of the crankshaft which is driven by the engine, 
has been described in an illustrative manner, and it is to 
tlhe temilnology, which has been used, is intended to be In 
of description rather than of limitation. Many modification 
the present invention are possible In light of the above 
therefore, to be understood that within the scope of the 
the Invention may be practiced other than as specifically 
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